Relative differences in the internal cation mobilities in the molten binary system (Na, NH4)N03 have been measured by Klemm's countercurrent electromigration method at NaN03 mole fractions 0 0.3 and temperatures 433-453 K. Also the densities and electric conductivities of this system have been measured. From these data the internal cation mobilities, />N a and bSHj, were calculated. Under all accessible conditions, bNHj is greater than fcNa. The results are discussed in terms of the interaction between unlike ions and free space.
Introduction
In a previous study [1] , 6Li was enriched by coun tercurrent electromigration; molten L iN 03 and NH4N 0 3 were arranged in a separation tube at about 573 K and cathode compartment at about 453 K, re spectively. 6Li was enriched in the boundary region between the two salts, which was located near the end of the separation tube open to the large cathode com partment. For high enrichment of 6Li the boundary should be kept as stable and sharp as possible by balancing the internal electromigration flow of the Li+ ions and the counter flow of the salt. One of the difficulties of this method was to balance them. In order to prevent Li+ from entering the cathode com partment due to an uncontrollable over-electromigration flow, we have introduced small zone of anoth er salt between the two salts [2] ; the mobility of its cation should be intermediate between those of the Li+ and NH^ ions. One of the potential third salts is N aN 03.
It is known that bLi < bNa at all concentrations in the system (Li, Na)N03 [3] , and that bLi < bNH4 under all accessible conditions of concentration and temper ature in the system (Li, NH4)N 03 [4] , where bM is the internal mobility of cation M.
In order to confirm that < bNH4 under all accessi ble conditions, we have measured internal cation mobi lity ratios in the molten binary system (Na, NH4)N 03. To our knowledge, there are no available data on the Reprint requests to Professor Isao Okada, Department of Electronic Chemistry, Tokyo Institute of Technology, Naga tsuta 4259, Midori-ku, Yokohama 227, Japan. density and the electric conductivity in this molten system. Therefore, to calculate the internal cation mobilities, the densities and the electric conductivities have also been measured.
Experimental
The chemicals NaNOa and NH4N 0 3 were vacuum-dried overnight at 400 K and 330 K, respec tively, before use. The densities, electric conductivities and internal cation mobility ratios were measured at 433 to 453 K for xnh4 > 0.7 (xNH : mole fraction of NH4N 0 3), the ranges being limited by the phase dia gram [5] and the thermal decomposition of NH4N 0 3 [6] ,
The density was measured with a cell made of trans parent silica glass whose volume was calibrated by using water at 298 K. A narrow neck of the cell is essential for an accurate measurement of the volume; however, as it is difficult to fill molten salt into a cell with a narrow neck, the neck had an inner diameter of 4 mm. A pipette of special design was used to fill the cell, which was immersed in a melt bath. The height of the meniscus from a marked line on the neck was read with a cathetometer.
Since most molten salts have a high electric conduc tivity, the usual alternating current measurements imply capillary tubes for achieving sufficiently high resistances. As pointed out by King and Duke [7] , however, direct-current conductivity measurement techniques enable one to dispense with capillary tubes. This is advantageous in our case since NH4N 0 3 easily 0932-0784 / 89 / 0600-0551 $ 01.30/0. -Please order a reprint rather than making your own copy. decomposes, generating bubbles. Therefore this meth od was employed. The silica cell of the type proposed by Duke and Bissell [8] had an inner diameter of 5 mm, and the distance between the two Ag wire elec trodes was about 5 cm. The cell constant was mea sured to be 15.53 cm-1. The temperature of the cell was kept within + 0.5 K by keeping it in a melt bath.
The relative differences in the internal cation mobi lities were measured by Klemm's countercurrent elec tromigration method. The electromigration cell and the procedure were similar to those previously used for the study of (Li, NH4)N 03 melts [4] . The large cathode compartment contained (Na, NH4)N 03 of the eutectic composition (xNHj = 0.80). In the present study, an ion chromatographic analyser recently com mercialised (IC500S made by Yokogawa Electric Co. Ltd., Tokyo) was used for the quantitative analysis of the N a+ and NH4 ions, whereas in the previous study [4] flame spectrophotometry and the Kjeldahl method were employed for the determination of Li+ and NH4 ions, respectively. For the analysis of NH4 , the ion chromatographic method is superior to the Kjeldahl method as to precision and rapidity.
Results
The fitted densities and conductivities (previously called specific conductivities) are given as linear func tions of temperature in Tables 1 and 2, respectively. The relative difference, e, in the internal mobilities of the two cations is defined as
where b = xNa frNa -I-xNHj /?NHj(x: mole fraction). The e values are calculated from the amount of the cations in the separation tube and the transported charge in the usual way [9] . Measured values of e are given along with the main experimental conditions in Table 3 .
Discussion
Reliable measurements of the density of pure NH4N 0 3 could not be achieved owing to evolution of bubbles. The molar volumes of pure NH4N 0 3 melt were taken from [10] , by extrapolating the values in the system NH4N 0 3 -H20 with respect to concen tration and temperature. The accuracy of the measured electric conductivi ties given in Table 2 was checked by comparing with the corresponding available data on molten N aN 03 [11] . The deviations turned out to be less than 2%. Since NH4N 0 3 slightly decomposes even at the melt ing point, one of the decomposition products being water [12] , the bubbles and the water are supposed to have affected the accuracy of the conductivities to some extent. The reproducibility of the data is within 0.3%. The conductivity of pure NH4N 0 3 obtained in the present study is ca. 18% greater than reported in Table 4 . Internal mobilities of Na" and NH^ in the system (Na, NH4)N03. [4] and [13] . As our previous data [4] were obtained by an AC capillary method, these may have been affected by the bubbles. The present data should be more accu rate.
As seen from Table 3 , £ is negative under all acces sible conditions, that is, the mobility of the larger NH4 ion is greater than that of the smaller N a+ ion. Thus, as far as the mobilities are concerned, molten N aN 03 can be used as the third salt located between LiNOa and NH4N 0 3 in the separation tube. -£ in creases at constant temperature with increasing NH4 content, and it increases at constant NH4 content with increasing temperature. These features are characteristic for systems showing the Chemla effect. If higher N a+ contents were accessible, the cross over of the mobility isotherms could be observed. Our in terpretation of the Chemla effect for the present sys tem is quite similar to that previously presented for the (Li, NH4)N 03 system [4] , -e tends to increase with temperature because the decrease in concentration due to the increase in tem perature is less unfavourable for the mobility of the larger NH4 ions than for that of the smaller N a+ ions.
The internal mobilities are calculated from öna = (xV/F)( 1 + xnh4£), where x and V are the conductivity and the molar volume of the mixture, respectively, and F is the Fara day constant. The isotherms of bNa and are shown in Figure 1 . As seen from Fig. 1 , the internal mobility of the larger cation, NH4 , distinctly decreases with increasing con centration of Na + . This may be mainly due to the reduced free space resulting from the increasing con centration of Na + . Fig. 1 . Internal mobility isotherms in the molten (Na, NH4)N03 system, o: Na, O : NH4. Internal mobilities of fictive supercooled pure NaN03 [11] and pure NH4N03 melts are also shown in parentheses.
As for frNa, the isotherms seem to slightly decrease with increasing xNH4. This trend can be explained in terms of a decrease in the number density of the com mon anion [3] .
It has previously been found [3, 14] that bNa in the system (Na,M )N03 (M = K [14] , Rb [15] and Cs [3] ) is well expressed by 21.31 kJm ol"1, and F0 = (43.21-0.028(T/K)) x 10"6 m3 m ol"1; V is the molar volume, T the temper ature and R the gas constant. The previously given values of A, E and V0 have been somewhat revised here, more data than in the previous calculation having been used. We have checked whether there exists a combi nation of A, E and V0 values which satisfies both the data for the binary alkali nitrates at higher tempera ture and the present data at lower temperature. Equa-673K tion (3) with any combination of parameters fitting the data in binary alkali nitrates yields lower values of frNa around 443 K than the experimentally obtained val-573K
ues in the present system. A similar trend has been found for bLi in the system (Li, NH4)N 03 [4] . 0 oo When an internal mobility of an alkali ion in nitrate mixtures is greater than expressed by (3), the excess may be regarded as attributable to the agitation effect by coexisting cations. As seen from Fig. 2 , the bNa's also in the system (Na, T1)N03 [17] are greater than expressed by (3), like those in the present system. It remains to be further studied, however, why NH4 as well as T14 apparently plays a role of agitator for the internal mobilities of coexisting cations. 
